3 :5-Dinitro-ortho-Cresol. This has been used in horticulture as a winter spray for fruit trees for some time. As far as I am aware no reports of ill-effects from its use in this way have been received. Its use as a herbicide is of more recent introduction in this country, its appearance on any appreciable scale beginning towards the end of the war. Not many years ago the only method of destroying weeds was mechanical and took place while land was lying fallow or during the preparation of the land before sowing. When "cleaning crops" were grown, e.g. roots, inter-row cultivation could take place while the crop was growing and weeds could be kept down in this way. The system of lying fallow for a season has been largely discardecd in favour of shorter spells of spring or autumn cleaning, as improvements in implements and the use of tractor power, coupled with the more recently introduced chemical weed-killers, make it possible to keep the land clean without resorting to an expensive and unproductive year. In present world conditions we must use every ac-re of land as efficiently as possible.
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President-Professor R. A. MCCANCE, M.D., Ph.D., F.R.C.P., F.R.S. [February 12, 1952] DISCUSSION ON AGRICULTURAL POISONS R. A. E. Galley, Ph.D., A.R.C.S., D.I.C., F.R.I.C.: The Place of Dinitrophenols and Organophosphorus Compounds in Agriculture. During the war interesting biological properties were found in organic compounds in which they -had hitherto been unsuspected, and many of them have been introduced into agricultural practice. Organic derivatives of thiophosphoric and pyrophosphoric acids It is not, however, my purpose to discuss recent advances in herbicides, insecticides and fungicides in general, but to focus attention on two groups of them, which have been "in the news", and to indicate the role they play in present agricultural practice.
The two groups of compounds are the dinitrophenols and the organo-phosphorus compounds.
.I will refer mainly to dinitro-ortho-cresol as typical of the first group.
SEPT.-EXPER. MED. I will achieve an economic control. New formulations of existing materials and different times of application may be found to bring these resistant weeds under control by known compounds less toxic to man. In addition new compounds will, I am sure, be discovered which will ultimately enable us to do without DNOC as a herbicide.
Until then, however, in order to obtain the optimum yield of cereals, DNOC will have to be used where these weeds, which are resistant to MCPA and 2, 4-D (DCPA) are present in large numbers. Organo-phosphorus Group.
The other group of compounds to which I must refer is the organo-phosphorus group from which I will select parathion for discussion, drawing attention to differences ini properties of parathion and other members of the group as necessary. One particularly interesting difference between parathion and schradan, is the ease with which the latter is picked up by the leaves or roots of plants and translocated in the sap stream where it remains toxic, particularly to sucking insects, for some weeks. The main difference between parathion and tepp is in the speed of hydrolysis which affects the duration of any "toxic residue". Parathion and tepp are toxic to a very wide range of insects, but they are used in agriculture mainly for the control of aphids and mites. There is no doubt whatsoever that 0f01 % solutions of parathion will control red spider on fruit trees to an extent impossible to achieve by other means. The fact that, when it is used in this way it may cause, in some circumstances, a temporary shift in the biological equilibrium by killing insects which are the predators of the red spiders, is outside the scope of this discussion.
The Equipment by which the Weed-killers and the Insecticides are Applied to the Crops.
A trend over the last few years has been towards the use of what is called "low volume" machinery. This, as its name implies, involves the use of smaller volumes of more concentrated materials than were hitherto regarded as standard practice. It will be apparent that in order to achieve the same sort of uniformity of distribution with a small volume, the particle size of the spray must be very much smaller. All spray equipment produces a range of particle sizes and therefore the smaller particles of the low volume sprays are generally accompanied by smaller airborne particles which, if the operator is not careful, may surround him in a cloud and may be inhaled.
Low-volume machines have been designed both for ground crops and for fruit. For the latter purpose, particularly where large fruit trees are concerned, some of the machines depend upon the use of a large volume of air accompanying the spray to carry it to its target.
To minimize drift when ground crops are sprayed some designers have produced cowls to cover spray booms and to reduce the magnitude of the airborne cloud but its complete elimination is almost impossible.
To summarize, therefore: the reason why these compounds are used in agriculture is that they will perform functions which it is not possible so far to perform with other compounds. It is my personal view that new compounds will be developed which will possess the useful biological properties of these dangerous compounds without the hazard to man, but until such time as they are freely available I submit that the use of the more dangerous compounds with, of course, the relatively simple safeguards which their use demands, is justified in order that the maximum possible yield of food is obtained, D. R. Davies, M.Sc., F.R.I.C.: The Effect of Organo-phosphorus Insecticides on Enzymes. I propose to limit my contribution to three substances, QO-diethyl O-p-nitrophenyl thionphosphate (E.605 or parathion), bisdimethylaminophosphonous anhydride (Ompa, Pestox III or Schradan) and bis-isopropylamino-fluorophosphine oxide (Isopestox). This latter compound was put on the market, but for reasons which will be apparent during the course of this symposium, was withdrawn. The properties which make these substances effective as insecticides are also those which make them toxic to man. In 1950, 198 cases of poisoning by the organic phosphorus insecticides were reported in the Journal of the American Medical Association (1950), 8 of them were fatal. These figures are probably much fewer than those that actually occurred.
Each of these compounds tis toxic because they inhibit the enzyme cholinesterase and acute deaths are due to acetylcholine poisoning. The tissues of both men and animals poisoned with parathion and OMPA show a marked depression of the blood and tissue esterases (Grob et al., 1947; . Neither parathion nor OMPA is a potent in vitro inhibitor of cholinesterase. They are converted by the liver into an active metabolite which is a powerful anticholinesterase. Thus DuBois et al. (1950) incubated liver slices with OMPA and showed that with increasing times of incubation, the reaction mixture became increasingly active, as an inhibitor, towards rat brain cholinesterase. They also showed hepatectomy reduced the toxicity of OMPA. This was confirmed by Cheng (1951) . Early workers thought that parathion was a very powerful in vitro inhibitor. Diggle and Gage (1951a) , however, showed that such activity could almost certainly be attributed to isomers of parathion which were present as impurities in the commercial substance and suggested that the anticholinesterase activity of this substance was in vivo and not in vitro. Goldblatt, quoted by Diggle and Gage (1951b) showed that the toxicity of parathion was reduced by hepatectomy. Aldridge and Davidson (1952) examined a particularly pure specimen of parathion and showed that its in vitro activity was considerably less than had been hitherto believed. Thus it is fairly certain that both of these substances are similar, in that they are both in vivo inhibitors of cholinesterase. There is no information available concerning the chemical nature of the active metabolite.
Earlier, I mentioned bis-isopropylamino-fluorophosphine oxide (Isopestox). This substance has now been withdrawn. I am, however, mentioning it, because recently two people were accidentally poisoned with it and they exhibited unexpected symptoms of flaccid paralysis, very similar in character to ginger paralysis which is caused by tri-ortho-cresyl phosphate-TOCP.
This compound (Isopestox) is a potent in vitro inhibitor of cholinesterase with a marked affinity for the pseudo-enzyme. Too little information is available to express any views concerning the mode of action of this compound, but a clinical condition similar to that referred to above has been produced experimentally in chickens by David (1951) and Barnes and Denz (1951) using Isopestox, a condition which Barnes has also produced with DFP. Earl and Thompson (1952) using tri-ortho-cresyl phosphate have produced similar effects also in chickens, a result which had been obtained previously by Smith and Lillie in 1931 and Van Itallie Harmsma and Van Esvald in 1932. There is only one comment I would like to make at this stage. Each of these three substances is much more highly selective to the plasma or pseudo-enzyme than to the true. Much more work needs to be done before the significance of this can be assessed. The toxicity of these substances is so great, that no discussion of this kind can be complete without a brief summary of the value of cholinesterase levels of the blood as a guide to their safe handling. My colleagues and I have investigated the significance of cholinesterase levels in relation to insecticide poisoning. As a consequence we feel that we can make a number of firm statements about blood esterase levels:
(1) Whatever the route of absorption, the ChE levels of the blood are the most convenient measure of organic phosphorus poisoning: further, departures from normal cholinesterase levels can be recognized before the onset of symptoms.
(2) A lowered esterase level in the blood indicates an increased sensitivity to subsequent absorption of insecticide.
(3) The very early symptoms of phosphorus insecticide poisoning (headache, nausea, &c.) are very commonplace. Blood cholinesterase levels are therefore of great value in the differential diagnosis of insecticide poisoning.
The ability to use esterase levels as a guide to the recognition of phosphorus insecticide absorption turns upon the accuracy with which departures from normal esterase values can be recognized. Callaway, Rutland and 1 (1951) investigated the variation of the cholinesterases of both the cells and plasma of a normal healthy adult population and have determined the limits of variation not only in the general population (i.e. from person to person) but also in the personal variation, i.e. in the same person. The population limits of the red-cell enzyme levels are 92 to 143 units in a service population and 75 to 142 units in a civilian population, whilst those of the plasma enzyme are 51 to 128 units.
In investigating the personal variation we were conscious of the practical issues behind the investigation and therefore asked ourselves a specific question namely, what must be the difference between two estimations of enzyme to indicate departure from the normal? This difference was obtained as a result of an investigation of a group of 10 men who were examined eight times over a period of four weeks. A full account of the results have been described elsewhere . For the present purpose a difference of more than 20% between two estimates of the red-ell enzyme may be taken as evidence of an abnormal deviation (the percentage being calculated on the higher of the two estimates). The corresponding figure for the plasma enzyme was 15 %. Dr. Barnes and I (1951) applied these findings to the examination of a group of factory and agricultural workers who were engaged in the manufacture and spraying of these substances. Three criteria were utilized: (I) Departures from normal population levels of the red-cell enzyme.-3 men, factory workers, were found whose red-ceUl enzyme fell outside normal population limits; the levels were 73, 69, and 70 units and are 2, 7 and 5 units below the lower normal limit. These deviations are admittedly small but it should be emphasized that they are quite significant statistically. None of the three men exhibited any clinical symptoms.
(2) Departures from normal population limits of the plasma enzyme.-5 cases were encountered in which the plasma enzyme was outside normal limit; the plasma levels were 49, 46, 48, 45 and 44 units and the individuals were an agricultural sprayer, a research worker and 3 factory workers respectively.
Again there was no clinical evidence of poisoning.
(3) The application of the third criterion was possible because we had been able to estimate levels of the plasma enzyme on more than one occasion. A difference of more than eighteen units indicates abnormal variation. It was possible to recognize abnormal deviation in 8 workers who had been examined more than once. Significant deviations were observed in 4 of these who were showing recovery from the effects of previous absorption of insecticide. They were 27, 27, 38 and 22 units and were noted in two sprayers and two chemical workers. The remaining 4 cases showed evidence of absorption during interval between routine determinations and the differences were 24, 25, 19 and 28 units; they were observed in a sprayer, two chemical workers and a laboratory worker respectively. These cases demonstrate quite clearly the value of blood cholinesterase levels in the recognition of the systemic absorption of the organic phosphorus insecticides. The determination of blood esterase levels can be of considerable help in promoting the safe use of these materials.
These substances are undoubtedly toxic; nevertheless they may be used with safety. In conclusion may I quote from a recent paper written by Dr. Barnes and myself (1951) , because in the foUowing words we have summed up our views concerning the toxicity of these substances to man, under field conditions. "These facts demonstrate quite clearly that the organo-phosphorus insecticides may be manufactured and applied without risk, provided manufacturer, consumer and their employees co-operate by the rigid adherence to every form of safety device and procedure which has been developed for that end.
'"The observations here reported provide no grounds for complacency, and those who use or are responsible for encouraging the use of these materials should remember that freedom from accidents in this country during the past year has been the result of the heed given to early warnings rather than to the innocuous nature of the materials handled." P. Lesley Bidstrup, M.R.C.P.: Clinical Aspects of Poisoning by Organic Phosphorus Insecticides.
Organic phosphorus compounds already in use as insecticides include hexaethyl tetraphosphate (HETP), tetraethyl pyrophosphate (TEPP), QO-diethyl O-p-nitrophenyl thionphosphate (parathion) and bisdimethylaminophosphonous anhydride (Schradan, OMPA, Pestox-II). A new compound in this group, bis-isopropylamino-fluorophosphine oxide, has been developed, and a small quantity was manufactured by a pilot process after preliminary experiments had indicated that it would be effective as an insecticide and less toxic to mammals than some of the substances already in use (Nature, 1951) .
The symptoms and signs of poisoning by the organic phosphorus insecticides are the same as those of poisoning by di-isopropyl fluorophosphate (DFP) and are always accompanied by reduction in the activity of the enzyme cholinesterase (ChE). Both specific cholinesterase which is present in red blood cells and nervous tissues, and pseudo-cholinesterase, which includes the various enzymes present in sera and tissues, are inhibited by these substances but the sites at which the maximum effects are produced vary with different inhibitors and in different species. Inhibition of cholinesterase by the organic phosphorus insecticides is irreversible and the recovery of normal activity of the enzyme depends upon regeneration. There is evidence that when the cholinesterase activity is below normal, an individual is unduly susceptible to the effects of any cholinesterase inhibitor. The limits of normal cholinesterase activity for the general population have been determined by . The commercial preparations of most of the organic phosphorus compounds used as insecticides inhibit cholinesterase in vivo and in vitro. OMPA does not cause inhibition of cholinesterase in vitro but becomes converted in the animal body, by'the liver, to an active anti-cholinesterase agent . Diggle and Gage (1951) have shown that pure parathion is also an inhibitor of cholinesterase in vivo but not in vitro.
Inhibition of cholinesterase results in three pharmacological effects, and the symptoms and signs of poisoning by any cholinesterase inhibitor can be explained by these effects. Experiments have shown that blood cholinesterase in animals may be depressed to less than 20 % of normal before symptoms of systemic poisoning appear . There are present symptoms due to excessive stimulation of autonomic effector cells, the so-called muscarinic effects, nicotinic effects due to stimulation followed by paralysis of striate muscle, and symptoms resulting from stimulation followed by depression in the central nervous system. Not all the manifestations of each of these effects will be observed in a single case of poisoning. The physical properties of the inhibitor and the route of absorption into the body influence the site of maximum effect and account for the variety of symptoms observed in different cases. In poisoning by parathion and DFP 'effects upon the central nervous system are marked, whereas these are seldom observed in the case of OMPA.
Early muscarine-like symptoms include anorexia, nausea, vomiting, cramp-like abdominal pain, excessive sweating and salivation. These are followed by pallor, miosis, diarrhoea, involuntary micturition and defaecation, pulmonary cedema and cyanosis. The early symptoms of effects on the central nervous system are giddiness, apprehension, restlessness and headache. In serious poisoning ataxia, tremor, drowsiness, coma and convulsions develop. Atropine is a specific antidote to both these effects, and should be administered as soon as possible after the onset of symptoms in doses of from 1-2 mg. (1/60-1/30 grain) by intramuscular injection repeated at hourly intervals until signs of atropinization appear. The nicotinic effects are twitching of the muscles of the eyelids and tongue, spreading to affect the muscles of the face and neck and the extra-ocular muscles, and causing finally generalized muscular twitchings and marked weakness of voluntary muscles. Atropine has no effect upon these symptoms and no antidote to them is known.
In a typical case of parathion poisoning anorexia and nausea increased by smoking or taking food are followed within one-half to two hours by vomiting, cramp-like abdominal pain, salivation and sweating. Giddiness, apprehension and restlessness usually follow the onset of anorexia, but in some cases these may be the first symptoms of poisoning. Constriction of the pupils may be absent in mild cases, unless direct contact with the eyes has occurred. Muscular twitchings of the eyelids and tongue follow upon the nausea and vomiting. In serious poisoning the twitching spreads to the muscles of the face and neck and involves the extra-ocular muscles causing jerking movements of the eyes suggestive of nystagmus. Generalized muscular twitching and marked weakness of voluntary muscles may develop in spite of adequate doses of atropine, and death may occur from this neuro-muscular paralysis. In acutely ill patients diarrhoea and tenesmus and involuntary defication and micturition occur, and signs of broncho-constriction and pulmonary cedema are also present. The symptoms and signs of effects upon the central nervous system appear and progress with the muscarinic and nicotinic symptoms. The initial giddiness and apprehension are accompanied or soon followed by intense headache and in mild cases insomnia or unusual dreaming may be noticed. Ataxia, tremor, drowsiness and impaired powers ofconcentration are late symptoms and may be accompanied by mental confusion, disorientation and slurring of speech. Coma develops gradually from one to nine hours after the onset of symptoms, and generalized convulsions usually occur. Death occurs from one to twenty-one hours after the last exposure to parathion, and, on an average, nine hours after the onset of symptoms (Grob, Garlick and Harvey, 1950) .
In 3 cases of acute poisoning by bis-isopropylamino-fluorophosphine oxide observed recently, muscular weakness was a striking feature of the illness. In the most severely affected patient the gastro-intestinal symptoms were most marked whereas in one less acutely ill, bronchospasm and sweating were the presenting symptoms. Constriction of the pupils was present in all 3 patients, but there were few signs of effects upon the central nervous system. These cases illustrate well the diffierent manifestations of poisoning by the same cholinesterase inhibitor.
The treatment and prevention of poisoning by organic phosphorus compounds has been described in detail elsewhere (Bidstrup, 1950) . The administration of atropine in adequate doses at the earliest stage in the course of the illness and the need to observe the patient carefully for at least forty-eight hours after the acute symptoms have subsided cannot be too strongly emphasized.
It has been stated that there are no sequele to poisoning by organic phosphorus compounds used as insecticides. Of the 3 people who developed acute poisoning after exposure to bis-isopropylamino-fluorophosphine oxide, 2 developed flaccid paralysis involving all four limbs which came on slowly in the third week after the acute phase of the illness. The nature of the paralysis in these cases resembles closely that which follows poisoning by tri-ortho-cresyl phosphate. Hottinger and Bloch (1943) demonstrated that tri-ortho-cresyl phosphate inhibits cholinesterase in vitro and in vivo, and is particularly effective in reducing the activity of pseudo-cholinesterase. Thompson (personal communication) has shown that bis-isopropylamino-fluorophosphine oxide also affects the pseudoenzyme more than specific cholinesterase. The activity of both enzymes was depressed in these cases; the plasma ChE activity returned to normal more slowly than was expected by analogy with DFP (Callaway, Davies and Risley, 1952) . Petry (1951) records a case of similar paralysis in a man exposed repeatedly to parathion in the fumigation of greenhouses.
These cases of delayed effects of poisoning by organic phosphorus compounds, and the experimental work of Koelle and Gilman (1946) and Hunt and Riker (1947) which demonstrated that paralysis will develop in certain species of animals following the administration of repeated sublethal doses of DFP, suggest that whereas sequelx have not been recognized following a single, acute episode of poisoning by a cholinesterase inhibitor in man repeated exposure with persistent lowering of cholinesterase activity may lead to paralysis affecting particularly the lower limbs. I should like to emphasize that there is no conclusive evidence that this hypothesis is correct.
Since cholinesterase activity in serum and red blood cells may be reduced to more than 50 % below normal activity without the appearance of symptoms, and since, when symptoms do appear, the progress from mild poisoning to serious illness or even death may occur within a few hours, it is of fundamental importance that persons at risk of absorbing even small amounts of these organic phosphorus compounds should be protected from harmful effects not only by protective devices designed to give complete protection for the particular job, but also by routine estimation of cholinesterase activity. The range of normal activity in the general population has been determined and simple methods of estimation of the enzyme activity requiring only a drop of blood have been devised (Michel, 1949) . Since there is a considerable individual variation in cholinesterase activity workmen at risk in factories, fields, orchards and greenhouses should have a series of estimations made before, during and after exposure to any organic phosphorus insecticide.
In cases where the enzyme activity is reduced the workman should be removed from further risk until the cholinesterase activity has been demonstrated by estimation to be normal. Barnes and Davies (1951) record the blood cholinesterase levels in a group of 80 men and women exposed to organic phosphorus insecticides in the field or factory. Although strict precautions to prevent absorption of these substances were observed, 12 workers were found to have significant lowering of cholinesterase activity. The fact that none of these workers complained of symptoms which could certainly be attributed to poisoning by an anti-cholinesterase agent illustrates both the difficulty in diagnosis of poisoning on clinical evidence alone, and the value of routine cholinesterase estimations in assessing absorption of organic phosphorus compounds. J. D. Judah, M.B., B.Ch., M.R.C.P.: Mode of Action of the Nitrophenols.
Many nitrophenols (of which 3 5-dinitro-ortho-cresol and 2: 4 dinitrophenol are the best known) have the property of increasing the metabolic rate of animals poisoned with these substances.
It has been known for some time that DNOC and DNP also have the property of inhibiting the division of sea-urchin eggs, while increasing their respiration and inhibiting the synthesis of reserve materials by yeast. In recent years, the mechanism by which nitrophenols exert these effects has been clearly shown by the work of several investigators (Loomis and Lipmann, 1948; Cross, Covo, Taggart and Green, 1949; Judah and Williams-Ashman, 1951; Judah, 1951) . It is now known that the inhibition of synthetic processes by these compounds is almost certainly due to their blockade of "oxidative phosphorylation". This term should, perhaps, be more fully explained. In the familiar sequence of reactions known as the glycolytic cycle, phosphorylations occur at two points, and it can be calculated that, starting with glucose as substrate, a net gain of 2 molecules of adenosine-triphosphate (ATP) will be made. In the further oxidation of pyruvate by the tricarboxylic acid cycle (or Krebs cycle), however, the number of phosphorylations is far greater, about 30 molecules of ATP being formed per molecule of glucose completely oxidized. It is now considered most probable that the ATP so formed is the means by which cells utilize the energy of the oxidations, and a simple calculation will show that the process is some 60 % efficient when studied in vitro and possibly the efficiency in vivo is greater still (see Judah, 1951) .
The acceleration of metabolic processes by DNOC can be explained in two ways, both concerned with the phosphorylation reactions. It is known that nitrophenols acting in vitro on the isolated material which contains the Krebs cycle enzymes (probably the mitochondria, see Kennedy and 'Lehninger, 1948, 1949; Judah and Williams-Ashman, 1951; Judah, 1951) will accelerate the respiration of these systems when they are deficient in inorganic ortho-phosphate or in adeninenucleotide. It is now considered likely that the cell in its ordinary state is probably a system which is deficient in both these substances, and it is considered probable that DNOC produces its accelerative effect by interrupting the phosphate transfer which involves both inorganic phosphate and adenine-nucleotide, thus making relatively more of these compounds available to the respiratory mechanism.
The probability that DNOC operates in the way described above has been investigated by my colleague Dr. P. N. Magee and myself (unpublished studies). We injected rats with lethal doses of the nitrophenol and found at varying times after injection a great fall in the creatine phosphate, adenosinetriphosphate and adenosine-diphosphate of all the tissues, usually associated with an increase in inorganic phosphate and adenylic acid. Similar studies with isolated rat diaphragms yielded the same results, and it is of interest that a progressive failure of the muscle to respond to stimulation was observed in the presence of the poisons. Complete failure and rigor developed at a time when the ATP level had reached vanishing point.
There are many gaps in our knowledge of the mechanism of action of the nitrophenols, but it seems that a reasonable explanation of their physiological effects is possible on the present information. Further work on the fundamental problems is being carried out in various laboratories including our own. P. Lesley Bidstrup, M.R.C.P.: Clinical Aspects of Poisoning by Dinitro-ortho-Cresol.
The late manifestations of poisoning by 3: 5-dinitro-ortho-cresol (DNOC) are well known and have been described recently by Hunter (1950 ), Steer (1951 and Bidstrup and Payne (1951) . They are the result of stimulation of the general metabolism and are aggravated by heat. Although the stimulation of metabolism is peripheral and independent of thyroxine (Dodds and Robertson, 1933) the clinical picture in the final stages of poisoning resembles that of thyroid crisis. No antidote to DNOC is known, and in acute poisoning death occurs within a few hours from heat stroke or cerebral cedema. The dramatic change from apparent well-being to death within an hour or so has impressed upon all who have observed these cases the need to protect workmen at risk of absorbing dangerous amounts of this substance by any route.
Experience in the use of DNOC in agriculture and horticulture in Great Britain since 1945 suggests that the men most likely to develop DNOC poisoning are contract sprayers using DNOC as a selective weed-killer on cereal crops. Eight spray operators and one man engaged in the manufacture ofDNOC have died and many cases of poisoning are known to have occurred during this time, all of them in periods of unusually hot weather (Merewether, 1943; Bidstrup and Payne, 1951) . No case of poisoning has been recorded among men using DNOC as a late winter wash on fruit trees. Measures adopted to reduce the incidence of DNOC poisoning in spray operators have included the use of protective clothing and enclosed tractor cabins to prevent absorption of the material, instruction of operators in spraying methods and in the early symptoms and signs of poisoning, and routine medical examination. These methods have not proved successful, and this is due in part to the difficulty in recognizing the earliest symptoms of DNOC poisoning. The first of these is an exaggerated feeling of well-being. In experiments on human volunteers undertaken by the Department for Research in Industrial Medicine of the Medical Research Council, this symptom was observed on the third or fourth day in every volunteer but the significance was not fully appreciated at the time. Our attention was drawn to the importance of this as the earliest manifestation of absorption of DNOC in significant amounts by the head of a firm of contract sprayers (Hardy, 1951) . He stated that when he observed this "fitter than usual" condition in an employee spraying DNOC he immediately transferred the man to other work. The change of occupation was usually resented because the man felt so well. This may be the explanation of a finding which has been emphasized frequently at inquests on fatal cases of DNOC poisoning. In nearly all cases, the man has been made aware of the dangerous nature of the spray material and of the early symptoms of poisoning; in some a paper describing these symptoms and instructing the man to report at once to a doctor should he feel unwell has been found on the body at the time of death. It seems likely that the feeling of well-being and abounding energy leads the man to continue spraying and to absorb further amounts of DNOC which can cause fatal poisoning. Other early symptoms are sweating, thirst and fatigue but these are often attributed to hot weather and long hours of work. Yellow staining of the sclerotics indicates absorption of but not necessarily poisoning by DNOC. The palms of the hands and the soles of the feet are always more deeply stained than other parts of the skin, and for many months after the last exposure to DNOC, the distal ends of the fingernails and toe-nails and of the hair on all parts of the body remain yellow.
Recent observations on human volunteers taking known doses of DNOC by mouth, and on process workers and spray operators at risk of absorbing DNOC by inhalation and ingestion and through the skin have made it possible to correlate physiological effects with the concentration of DNOC in the blood as determined by the method described by Parker (1949) . In man DNOC is a cumulative poison which is excreted very slowly; rats and rabbits are able to metabolize it much more rapidly (King and . The administration of approximately 1 milligram per kilo to man by mouth at intervals of twenty-four hours results in a gradual increase in the concentration of DNOC in the blood which reaches its maximum in two to four hours after ingestion. When the pre-dosage level is of the order of 15 to 20 micrograms per gramme of blood, the ingestion of a further dose of 75 milligrams causes a marked rise in the concentration of DNOC in the blood. This occurs within four hours, and is associated with symptoms of lassitude, headache and general malaise. Even when no DNOC has been absorbed for five days, and the blood level is of the order of 10 micrograms per gramme, the administration of a further dose causes a sharp rise in blood DNOC and the concentration fails to return to pre-dosage level within twenty-four hours. Exercise will increase the concentration of DNOC in the blood, as will the application of DNOC to the skin. This latter effect is slight and, in our opinion, absorption of DNOC through the skin is of less importance in causing symptoms than is absorption by the other routes. Six weeks after the final dose of DNOC had been administered significant amounts could still be detected in the blood. The excretion of DNOC in the urine in twenty-four hours bears no fixed relation to the concentration of DNOC in the blood (Harvey, Bidstrup and Bonnell, 1951) .
These observations on human volunteers suggested that it would be possible by estimations of blood DNOC to detect absorption of potentially dangerous amounts in workmen at risk before symptoms became obvious. In our opinion a spray operator whose blood DNOC concentration is of the order of 15-20 micrograms per gramme in a specimen of blood taken not less than eight hours after the last exposure should be removed from risk of absorbing even small amounts of DNOC. Since he will have no symptoms of poisoning he need not be taken off work altogether. Symptoms will be present when the concentration of DNOC in the blood is of the order of 40 micrograms per gramme.
The treatment of DNOC poisoning is symptomatic. It includes sedation by means of barbiturates, replacement of fluid and electrolytes, and attempts to reduce the temperature by means of a cool environment and tepid sponging (Pollard and Filbee, 1951) . No antidote is known at the present time.
